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Abstract. We present a Kernighan-Lin style local improvement heuristic for 
genetic algorithms. We analyze the run-time cost of the heuristic. We demon-
strate through experiments that the heuristic provides very quick solutions to 
several problems which have been touted in the literature as especially hard 
ones for genetic algorithms, such as hierarchical deceptive problems. We sug-
gest why the heuristic works well. 

In this research, population members (chromosomes) are bit strings, all of the same 
length, which we denote by N. We will refer to population members as individuals.  

A local improvement heuristic is a procedure which is applied to an individual, with 
the intention of modifying it into an related individual of higher fitness. Typically it is 
applied to a child chromosome, after its manufacture by some crossover operator but 
before the child is entered into the population. One form of local improvement heuristic 
is hill-climbing. One step of hill-climbing consists of flipping that bit in the individual 
which results in a maximal increase in fitness. To improve an individual, we might 
perform one step of hill-climbing, or several, or until the morphed individual has 
reached a local optimum and no further bit flip will increase fitness.  

At a far extreme, we might argue that we do not need either a population or genetic 
forces at all. Any single individual differs from an optimal individual by having the 
wrong bit values on some subset of its bits. If we loop through all subsets of bits, each 
time flipping those bits in the individual, ultimately we will identify an optimal indi-
vidual. But of course this approach has exponential cost, which is intolerable. 

Our Kernighan-Lin local improvement heuristic falls in between hill-climbing and 
the extreme just described. It is inspired by the graph bisection work of Kernighan and 
Lin [1]. Let an individual be given. We build a tower S1, S2, ..., SMAX of subsets of its bits. 
Set Sk+1 is built from Sk by including one more bit. The extra bit is that one which is 
optimal with respect to change of fitness when flipped, but we allow the change to be a 
negative change (one no worse than the change from any other bit). We allow negative 
changes (hill descent), in the hope that perhaps later bit flips, in concert with previous 
flips, will result in yet more improvement to fitness. At most how many bits will we try 
flipping? Half of them (MAX = N/2) is a reasonable first guess. Then our heuristic actu-
ally flips those bits of whichever subset S1, S2, ..., SMAX produces the highest fitness. A 
complexity analysis of our local improvement heuristic shows it to have cost Q(N2g(N)), 
where function g is the cost to recalculate an individual’s fitness after flipping one of its 
bits. Function g may or may not be cheaper than the cost F(N) to fully calculate the 
fitness of an individual that is N bits wide.  

For our experiments we use a genetic algorithm that holds few surprises. It is gener-
ational, meaning that the population P(t+1) at time t+1 is produced by creating enough 

Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.3
     Für schnelle Web-Anzeige optimieren: Nein
     Piktogramme einbetten: Nein
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 2400 2400 ] dpi
     Papierformat: [ 595 842 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 300 dpi
     Downsampling für Bilder über: 450 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Maximal
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 300 dpi
     Downsampling für Bilder über: 450 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Maximal
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 2400 dpi
     Downsampling für Bilder über: 3600 dpi
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Warnen und weiter
Einbetten:
     Immer einbetten: [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Farbe nicht ändern
     Methode: Standard
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Ja
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Ja
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Ja
     DSC-Warnungen protokollieren: Nein
     Für EPS-Dateien Seitengröße ändern und Grafiken zentrieren: Ja
     EPS-Info von DSC beibehalten: Ja
     OPI-Kommentare beibehalten: Nein
     Dokumentinfo von DSC beibehalten: Ja

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<
     /ColorSettingsFile ()
     /AntiAliasMonoImages false
     /CannotEmbedFontPolicy /Warning
     /ParseDSCComments true
     /DoThumbnails false
     /CompressPages true
     /CalRGBProfile (sRGB IEC61966-2.1)
     /MaxSubsetPct 100
     /EncodeColorImages true
     /GrayImageFilter /DCTEncode
     /Optimize false
     /ParseDSCCommentsForDocInfo true
     /EmitDSCWarnings false
     /CalGrayProfile ()
     /NeverEmbed [ ]
     /GrayImageDownsampleThreshold 1.5
     /UsePrologue true
     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /AutoFilterColorImages true
     /sRGBProfile (sRGB IEC61966-2.1)
     /ColorImageDepth -1
     /PreserveOverprintSettings true
     /AutoRotatePages /None
     /UCRandBGInfo /Preserve
     /EmbedAllFonts true
     /CompatibilityLevel 1.3
     /StartPage 1
     /AntiAliasColorImages false
     /CreateJobTicket false
     /ConvertImagesToIndexed true
     /ColorImageDownsampleType /Bicubic
     /ColorImageDownsampleThreshold 1.5
     /MonoImageDownsampleType /Bicubic
     /DetectBlends true
     /GrayImageDownsampleType /Bicubic
     /PreserveEPSInfo true
     /GrayACSImageDict << /VSamples [ 1 1 1 1 ] /QFactor 0.15 /Blend 1 /HSamples [ 1 1 1 1 ] /ColorTransform 1 >>
     /ColorACSImageDict << /VSamples [ 1 1 1 1 ] /QFactor 0.15 /Blend 1 /HSamples [ 1 1 1 1 ] /ColorTransform 1 >>
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ColorConversionStrategy /LeaveColorUnchanged
     /PreserveOPIComments false
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /ColorImageResolution 300
     /EndPage -1
     /AutoPositionEPSFiles true
     /MonoImageDepth -1
     /TransferFunctionInfo /Apply
     /EncodeGrayImages true
     /DownsampleGrayImages true
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDownsampleThreshold 1.5
     /MonoImageDict << /K -1 >>
     /Binding /Left
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /MonoImageResolution 2400
     /AutoFilterGrayImages true
     /AlwaysEmbed [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]
     /ImageMemory 524288
     /SubsetFonts false
     /DefaultRenderingIntent /Default
     /OPM 1
     /MonoImageFilter /CCITTFaxEncode
     /GrayImageResolution 300
     /ColorImageFilter /DCTEncode
     /PreserveHalftoneInfo true
     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /ASCII85EncodePages false
     /LockDistillerParams false
>> setdistillerparams
<<
     /PageSize [ 595.276 841.890 ]
     /HWResolution [ 2400 2400 ]
>> setpagedevice



A Kernighan-Lin Local Improvement Heuristic That Solves Some Hard Problems         1583 

 

children from the population P(t) at time t, through crossover. It uses elitism: the best 
two individuals of P(t) always survive into P(t+1). The crossover operator is 2-point 
crossover. The only surprise is that fairly heavy mutation is practiced, and it is gradu-
ated, in that less fit individuals undergo more mutation. It is also stochastic, in that we 
make mutation attempts, but each actually results in a bit flip with only 50% chance.  

We apply our local improvement heuristic first to a child after it has been created by 
crossover. Then we apply the heuristic again after the child has undergone mutation. 
Then the child is entered into the next generation P(t+1). The heuristic is also applied 
once to the members of the initial population P(0), which began as random strings. 

We tried our heuristic on four problems from the literature, which have been touted 
as especially hard problems for genetic algorithms. The problems are: one-dimensional 
Ising [2], k-fold, 3-deceptive [3], hierarchical if-and-only-if (HIFF) [4], and hierarchical 
trap [5]. In all cases, we used a population of 40 individuals (which is smaller than in 
the referenced researches), and conducted 20 trials, each of which was allowed if need 
be to run to 500 generations. In all cases we used individuals of N bits where N was at 
least as wide as in the referenced researches. We experimented with various choices for 
MAX, the maximum number of bits which could be flipped on a local improvement 
step, starting at N/2 and decreasing. For these four problems, our approach was consis-
tently able to find optimal individuals, in a small number of generations. Moreover, the 
time cost was just several seconds (using a1.7 GHz Pentium processor), when we used 
optimized versions of the function g. Space allows us only to report on one problem 
here. It will be the first hierarchical trap function of reference [5]. As in [5], individuals 
are 243 bits wide. In [5], costs are given in terms of fitness calculations (225,000 on 
average); we show our costs in terms of clocked runtimes. 
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